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I. Motivation and Background

About 6 million traffic accidents occur each

Motivation 1: Traffic Accidents

About 6 million traffic accidents occur each 
year in the USA, which accounts for $230 
billion in damaged property, 2,889,000 
nonfatal injuries, and 42,643 deaths.

Safe belt Air bagSafe belt Air bag

Can we do something in an ACTIVE manner?
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Motivation 2: Traffic Congestion
• Odd-even traffic restriction

Sitti i t ffi ti t t l d • Expensive parkingSitting in traffic congestion costs travelers and 
businesses about $40 billion each year in the USA.
• Petrol wasted – more pollution!

• Expensive parking

e o w s ed o e po u o !
• Time wasted!
Can we do anything better?
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Applications Active Safety: Cooperative 
forward collision warning, 

Traffic Efficiency:
enhanced route guidance 
and navigation, M2M 

pre-crash sensing/warning, 
hazardous location M2M 
notification.a d av gat o ,

merging assistance.

Traffic Efficiency: 
V2I

Infotainment: internet 
access in vehicles, point of 
interest notification remote

green light optimal 
speed advisory. 

V2V

V2I

interest notification, remote 
diagnostics. 
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V2V System Protocol Stack and Functionalityy y

IEEE P1609

WAVE
IEEE P1556

IEEE 802.11p

DSRCDSRC

Accurate yet easy-to-use V2V channel model
Enabling foundation for practical 
design of V2V systems. 
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II V2V MIMO Channel Measurements and ModellingII. V2V MIMO Channel Measurements and Modelling
Prof. Sana Salous A successful and 
Focus: channel measurement

(Chirp Channel Sounder)
practical design of 
any system has to be 
d t d t th

Dr. David Laurenson

Focus: data post-processing

adapted to the 
properties of the 
propagation channels

Dr. Cheng-Xiang Wang

propagation channels
（time-varying joint 
Doppler-delay-angle 

Focus: channel modelling and simulation spread).

Dr. Xiang Cheng (Prof. Bin-Li Jiao, Prof. Yuping Zhao,Dr. Xiang Cheng (Prof. Bin Li Jiao, Prof. Yuping Zhao, 

and Prof. Lingyang Song)

Focus: channel modelling and system design

23 Aug. 2010 @ UC4G Beijing Workshop
7/18

g y g



General Process of A System DesignGeneral Process of A System Design

S iSystem Design

Channel Modelling

Data Post-Processing
Fundamental 
of any 
practical

Data Post-Processing

practical 
system design! Channel Measurement
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Important V2V Propagation Scenarios

Road characteristics：

Important V2V Propagation Scenarios

Road characteristics：
• Urban, suburban, rural.
• Highway tunnel• Highway, tunnel.
Traffic characteristics：
• Two vehicles drive in same or opposite directionsTwo vehicles drive in same or opposite directions.
• Vehicular traffic density (VTD)：high, medium, low.
Application-specific scenarios：Application specific scenarios：
• Pre-crash warning：1）intersection collision avoidance；

2）cooperative merging assistance.p g g
• Post-crash warning：slow traffic warning.
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Current Important V2V Channel Measurements
Measure
ment

Antenna Carrier 
frequency

Frequency 
selectivity

Tx-Rx 
direction

Environments

[Aco04] SISO 2.4 GHz Wideband Same SS/EW (Pic), UC: urban 
canyon;

Globecom Omni- LVTD

[Zaj09]
TVT

MIMO
Omni-

2.4 GHz Wideband Same UC/EW (Pic),
LVTD

H(L)VTD Tunnel scenarioShadowing by other vehicles
canyon; 
SS: suburban 
street; 
EW:TVT Omni LVTD

[Mat08]
CM

SISO
Omni-

5 GHz Wideband Same UC/SS/EW
(Mic+Pic)
H(L)VTD

High Doppler shifts
EW: 
expressway; 
H(L)VTD: 
high (low)H(L)VTD

[Pai08]
WPC

MIMO
Omni-

5.2 GHz Wideband Opposite EW (Pic)
LVTD

Application-specific scenario
g pp

I h i i

high (low) 
vehicular 
traffic density; 
Omni-: omni-

[Che07]
JSAC

SISO
Omni-

5.9 GHz Narrowband Same SS (Mic+Pic)
LVTD

[Aco07] SISO 5.9 GHz Wideband Same+ UC/SS/EW (MicDirective antenna
Inherent non-stationarity directional 

antenna; 
Dire-: 
di ti

[ ]
VTM Omni- opposite

(
+Pic) LVTD

[Pai10]
VTC

MIMO
Dire-

5.2GHz Wideband perpendicul
ar

IS(Mic+Pic) 
HVTD

directive 
antenna.
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Channel Modelling ApporachChannel Modelling Apporach

Channel Modelling
Approach

Geometry-based 
deterministic 

MA（GBDM）

Geometry-based 
stochastic MA
（GBSM）

Non-geometrical 
stochastic MA
（NGSM）MA（GBDM） （GBSM） （NGSM）

• Immediate relation to physical reality

Irregular-shaped Regular-shaped g p
GBSM（IS-GBSM）

g p
GBSM（RS-GBSM）

• Simple and mathematical tractability.
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Current Important V2V Channel Models
Ch l A d S i i f S i / S i A li blChannel 
model

Antenna and 
FS

Stationarity Impact of 
VTD

Per-tap 
CS

Scatterer region/ 
distribution

Scattering 
assumption

Applicable 
scenarios

[Mau08] MIMO non- yes no 2D non-isotropic SB+MB site-specific
RS-GBSM:

GBDM wideband stationary (deterministic)
[Aco07]
NGSM

SISO 
wideband

stationary no yes 2D non-isotropic
(N/A)

N/A Mic+PicImpact of VTD Pico-cell Per-tap CS( )
[Mat08]
NGSM

SISO 
wideband

non-
stationary

yes yes 2D non-isotropic
(N/A)

N/A Mic+Pic

[Akk86] SISO t ti 2D i t i DB M

p

Relationship between azimuth[Akk86]
RS-GBSM

SISO 
narrowband

stationary no no 2D isotropic
(two-ring)

DB Mac

[Zaj08] MIMO stationary no no 2D non-isotropic SB+DB Mac+Mic

p

and elevation angles
RS-GBSM narrowband (two-ring)

[Zaj09]
RS-GBSM

MIMO 
wideband

stationary no no 3D non-isotropic
(two-cylinder)

SB+DB Mac+MicNon-staionarity
RS GBSM (two cylinder)

GBDM: geometry-based deterministic model; NGSM: non-geometrical stochastic model; 
GBSM: geometry-based stochastic model; FS: frequency selectivity; CS: channel statistics; 
SB: single-bounced; MB: multiple-bounced; DB: double-bounced; N/A: not-applicable;
Mac: Macro cell; Mic: Micro cell; Pic: Pico cell
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A New 2D V2V MIMO RS-GBSM and Its Extension
Channel fading envelope:

Impact of VTD: distinguish between the moving cars and stationary roadsideImpact of VTD: distinguish between the moving cars and stationary roadside 
environments.

Pico-cell: derive a novel generic relationship between the AoA and AoD for a widePico cell:  derive a novel generic relationship between the AoA and AoD for a wide 
variety of scenarios .
Extension to 2D wideband model 
by incorporating frequency 
selectivity.

Per tap channel statistics utilisePer-tap channel statistics：utilise
the TDL structure.

Extension to 3D model.

Relationship between azimuth 
and elevation angles：apply von 
Mi Fi h di t ib ti
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Numerical Results and Analysis
Tap1

Tap2

Close agreement between the theoretical results and measurement data confirms the 
Normalized (space-)Doppler PSD, same direction. Normalized (space-)Doppler PSD, same direction.

.

utility of the proposed model. 
Higher VTDs result in more evenly distributed (space-)Doppler PSDs. 
2D model underestimates both the temporal and spatial diversity gains
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Challenges and Future Work (I)

More channel measurements for important V2V communication 

Challenges and Future Work (I)

scenarios
• Impact of VTD on channel statistics.

• Tunnel and application-specific scenarios. 

• Impact of elevation angle on channel statistics.p g

• Particularity of V2V communication scenarios in China, e.g., viaduct scenarios.

Non stationarity of V2V channelsNon-stationarity of V2V channels
• Current approaches: 1) based on TDL structure; 2) based on GBSM. 

I h h i ll l hi bl ?• Is there an approach to essentially solve this problem?

Impact of antenna pattern and location on channel statistics.
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Challenges and Future Work (II)

V2V communication system design based on realistic channel models

Challenges and Future Work (II)

• Pilot pattern and channel estimator.

• High intercarrier interference (ICI). g ( )
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Thanks for yourThanks for your 
attention !attention !

23 Aug. 2010 @ UC4G Beijing Workshop
18/18


